The aims of present study were to investigate the relationship between temperament score and cortisol and lactic acid levels of blood, as well as the effect of temperament on the maternal ability traits (milk production, lamb preweaning gain) and the postweaning growth of lambs in Tsigai breed. The temperament of thirty-one Tsigai ewes was scored by the temperament score test (behaviour of animals was assessed in a 5-score system (1: calm, 5: nervous) while spending 30 s on the scale during weighing), in addition, the cortisol level and the lactic acid concentration of blood were measured at weaning. The weaning weight, temperament, cortisol concentration, the pre-and the postweaning weight gain of lambs were also investigated in this study. The cortisol level and lactic acid concentration were highly related to the temperament scores of ewes (r rank =0.79, P<0.001; r rank =0.53, P<0.01). The calmer ewes had a lower cortisol (1.79 nmol/l, P<0.001) and lactic acid (1.87 mmol/l, P<0.01) concentration compared to the results of nervous ewes (5.35 nmol/l, 3.11 mmol/l, resp.). It was statistically proven (P<0.01) that the calm ewes' lambs had higher preweaning weight gain (244.0 g/day) and weaning weight (22.0 kg) than nervous animals (201.7 g/day, 18.1 kg). In addition, the calm ewes milked by hand produced more milk (52.4 l, P<0.05) than nervous ewes (46.1 l) in the milking period. Furthermore, the calm ewes' lambs had lower temperament score and cortisol concentration and better fattening performance than lambs were originated from nervous ewes.
Introduction
The maternal ability traits (e.g. lamb rearing, milk production) are very important for sheep breeders. These traits are influenced by some factors such as maternal behaviour, which is determined by the subjective assessment for example the maternal behaviour score test (O'CONNOR et al. 1985) and the temperament test (MURPHY et al. 1994) too. Temperament is defined as the animal's behavioural response to handling by humans (BURROW 1997) . Temperament seems to improve some production traits such as growth rate (in cattle: VOISINET et al. 1997 , FELL et al. 1999 , in sheep: PAJOR et al. 2008 , immune function (in cattle: FELL et al. 1999 , in sheep: IVANOV et al. 2005 ) and meat quality (in cattle: NEINDRE et al. 1996 , REVERTER et al. 2003 . STRITTMATTER (2001) described a lot of differences between sheep races in the activity of behaviour. In addition races are different in the social behaviour too (GRÄSER-HERMANN and SAMBRAUS 2001) .
Some authors (O'CONNOR et al. 1985 , LAMBE et al. 2001 , EVERETT-HINKS et al. 2005 reported that the maternal behaviour score has been shown to be related to both postnatal lamb survival and weaning weight. In case of temperament, MURPHY et al. (1994) and NEINDRE et al. (1998) published that mortality of lambs attributable to poor maternal behaviour was higher for the temperamental animals compared to the calmer line (18 vs. 6 %). The fertility between calm and nervous ewes was significantly different (P<0.05) at the age of three years (IVANOV and DJORBINEVA 2003) .
Several studies have reported positive relationships between dairy temperament score and milk production traits in cows. MUSHRA et al. (1975) , ARAVE and KILGOUR (1982) revealed that a linear relationship stands between temperament score and daily and total milk yields, but the relationship with lactation length was not clear. In sheep a few studies have found relationship between temperament and milk production. For example IVANOV and DJORBINEVA (2003) found that the calm ewes produced more milk by machine milking (P<0.05) than nervous animals during the whole milking period.
Although, the majority of studies reports positive relationships between maternal behaviour (e.g. temperament score) and postnatal lamb mortality and weaning weight, it is not known whether the relationship exists between the ewes' temperament and their lambs' temperament and postweaning growth traits. This study's aim was to investigate the relation between temperament score and cortisol level, and to measure the effect of ewes' temperament on the maternal ability traits (milk production, lamb preweaning gain), and the postweaning growth traits of lambs in Tsigai (Hungarian native) (KUSZA et al. 2009 ) breed.
Materials and methods

Experimental design
The study was carried out in the Sheep Farm in Solt (Bács-Kiskun County, Hungary). 31 Tsigai ewes and their 31 lambs were examined maternal ability traits (milk production and lamb preweaning gain) (1st investigation) and 31 lambs were participant in Own Performance Test (2nd investigation). From these lambs were randomly selected 20 lambs for blood parameters determination. All ewes were lambed just a live lamb. The health condition and nutritional status of animals were good during the experimental period included two investigations.
First Investigation
At weaning was studied the temperament score of 31 Tsigai ewes (mean age: 4.7 year; mean number of lambing: 3.4 pieces) and cortisol and lactic acid concentration of blood were determined, in addition was measured their lambs' (n=31) preweaning weight gain and weaning weight. The average age of the lambs was 88 day at weaning. By the results of weighing, the body weight was adjusted to average 90 days of age by using a linear interpolation method. All lambs originated from one sire. After weaning the ewes were milked by hand during the lactation period of 106 days (from 15th April to 30th July). The animals were kept from weaning to end of the lactation period on pasture and supplement fed alfalfa hay and concentrate mix (about 300 g/day) given at milking (attractive concentrate). Before weaning the ewes fed ad libitum meadow hay and concentrate mix (300 g).
Second Investigation
After weaning (on-test day) the growth investigation of lambs (n=31) was studied in the Own Performance Test for 41 days (off-test day). Under performance test the lambs were given ad libitum water and concentrate mix (150 g/kg DM crude protein and 7.20 MJ/kg DM and 4.80 MJ/kg DM net energy (NE m and NE g ). Each lamb was weighed individually with the precision of 0.1 kg at weaning and at the end of the test. Daily weight gain was calculated in grams. At weaning and at the end of the test the temperament of lambs was evaluated by temperament score test and from these animals were randomly selected 20 lambs and blood samples were collected and level of cortisol was determined.
Temperament test
Temperament was measured according to the temperament score test by TRILLAT et al. (2000) . Behaviour of animals was assessed in a 5-score system at weighing, while spending 30 s on the scale: 1 calm, no movement, 2 calm with occasional movements, 3 calm with some more movements but without shaking the scale, 4 abrupt episodic movements without shaking the scale, 5 permanent episodic movements and shaking the scale.
Analytical procedures
Blood samples collected from 31 Tsigai ewes at weaning and from 20 lambs at on-test (weaning, 0. day) and at off-test (41. day) between 8.00-9.00 from v. jugularis into tubes containing heparin. The blood sampling held approx. 0.5-1 min per animal. Then they were immediately transported to the laboratory and centrifuged at 3 500 l/min for 10 min. The plasma was stored at −70 °C until further analyses.
Cortisol assay
For the cortisol assay a direct radioimmunoassay method, developed in the laboratory of Szent Istvan University, Faculty for Veterinary Science (Budapest, Hungary) was applied. For determination in blood plasma using 1,2,6,7-3H-cortisol (TRK 407; Radiochemical Centre, Amersham, UK) and a highly specific polyclonal antibody raised against cortisol-21-HS-BSA in rabbit was used. Radioactivity was measured by Tri-Carb 2800TR (Perkin-Elmer) liquid scintillation counter. The sensitivity of this assay system was 11.37 fmol/tube. Within the concentration range of about 2.00 and 100.00 nmol/ml the intra-and interassay coefficients of variation varied between 3-8 % and 5-10 %, respectively in all species. Samples with cortisol level being higher than 100.00 nmol/l had to be re-assayed after dilution.
Lactic acid assay
The lactic acid was analysed by enzymatic method using commercial kits (Lactate PAP, BioMerieux, Marcy-l'Etoile, France). 
Statistical analysis
Results
Based on the temperament ranking, 13 ewes were into the calm category (1 score), 11 ewes were into the average (2 and 3 scores) and 7 ewes were into the nervous (4 and 5 scores) category. Results of maternal ability traits, cortisol and lactic acid levels of Tsigai ewes according to the temperament category are demonstrated in Table 1 . The mean number of lambing was 3.4 and mean age was 4.7 years. Among temperament categories were not detected differences in ewes' mean number of lambing and the mean age. The blood parameters, cortisol and lactic acid showed differences among temperament categories. Positive correlation found between the ewes' cortisol level and temperament score (r rank =0.79, P<0.001) and lactic acid level and temperament score (r rank =0.53, P<0.01). The calmer ewes had a lower cortisol (1.79 nmol/l, P<0.001) and lactic acid (1.87 mmol/l, P<0.01) concentration compared to the nervous ewes (5.35 nmol/l, 3.11 mmol/l), respectively. Among temperament categories were differences in the ewes' lamb preweaning weight gain and weaning weight (at the 90th day of age). The maternal temperament score showed to be related to preweaning weight gain and weaning weight. The calmer ewes' lambs had higher (P<0.01) preweaning weight gain (244.04 g/day) and higher (P<0.01) weaning weight (21.97 kg) compared to nervous ewes' lambs (200.73 g/day and 18.07 kg), respectively. After weaning, the ewes were milked by hand. The lactation period was 106 day (from 15th April -to 30th July). The calmer ewes had higher (P<0.05) total milk production (52.44 l) and higher (P<0.05) daily milk yield (0.49 l/day) compared to nervous animals (46.06 l and 0.44 l/ day). The results of temperament scoring and the fattening traits of Tsigai lambs are presented in Table 2 . The results showed no differences in temperament and weight gain between the two sexes in the present sample. Therefore the two data were contracted in this study. If lambs were categorised by the temperament of ewes, there were confirmed significant differences among lamb groups concerning the lamb off-test weight, postweaning gain, temperament score and cortisol concentration (Table 3) . Moderate, negative correlation was between ewes' cortisol level and temperament score with the lambs' weight gain under life time (from birth to end of test) (r=−0.44 and r=−0.48), and under test period (from 90th to 131st day) (r=−0.52 and r=−0.53) and finally, the off-test weight (r=−0.44 and r=−0.45), respectively. Positive, significantly correlation found between the ewes' cortisol level and temperament score with the lambs' temperament score (r=0.71 and r=0.55) and the lambs' cortisol level at the off-test (r=0.57 and r=0.43) and incremental change in cortisol (r=0.68 and r=0.57).
Discussion
The cortisol concentration may depend on sampling circumstances. Particular treatment can be measured if a blood sample is collected within 2 min of the beginning of the blood sampling procedure (BROOM and JOHNSON 1993) . The sampling procedure is hold less than 2 min, therefore the sampling circumstances are not modified the characteristic cortisol values of animals. The cortisol and lactic acid concentration were highly related to ewes' temperament score. The calm ewes had a lower cortisol and lactic acid level compared to the nervous animals. This result suggested that the temperamental animal exhibit increased stress responsiveness to handling, increased the adrenal function and, in this way, the baseline cortisol concentration. The hypothalamic-pituitary-adrenal (HPA) axis, through the cortisol concentration, affects the animals' metabolism. If an animal has higher cortisol concentration (e.g. induced by a stressor), the biological response includes alterations in the neuroendocrine system, in the autonomic nervous system, in the immune system and also in the animal's behaviour (MANTEUFFEL and PUPPE 1997, MOBERG 2000) by altering the function of the HPA axis (GUPTA et al. 2004) . One of the biological responses is to increase metabolic rate because of increased catabolic processes (BROCKMAN and LAARVELD 1986) . Other responses to stress include behavioural changes, such as increased activity (LUITING et al. 1994) . In the present sample, nervous ewes had higher lactic acid level of blood than calm ewes. Because, the locomotory activity is affect the muscle contraction. Higher muscle contraction leads to higher lactic acid concentration in the blood (lactic acid concentration is affected by muscle contraction). The adjustment to stress induces a broad range of neuroendocrine, physiological and behavioural changes to allow for adaptation to the change (BORELL 2000, TUCHSCHERER and MANTEUFFEL 2000) . MANTEUFFEL (2002) summarising the regulation of HPA axis and its impact on metabolism and animal welfare. An animal's total body response to stress can be measured through decreased rates of growth and decreased efficiency of nutrient utilisation (e.g. residual feed intake) (KNOTT et al. 2007) , and a subsequent increase in the energetic cost of the animal. Decreased nutrient utilisation is likely to go less with milk production, which leads to lower preweaning weight gain and weaning weight. Milk production of ewes has an important effect on the preweaning survival and growth of their lambs. The present results showed that, after weaning, calm ewes produced more milk than nervous ewes. These results were corresponded with results of IVANOV and DJORBINEVA (2003) .
In the present sample, not found differences in temperament and weight gain between the two sexes, although SAVAS et al. (2001) found great differences between males and females in behaviour abnormalities. However, the maternal temperament not related with lambs' temperament and cortisol concentration at on-test (weaning), but the mothers' temperament has great effect on lambs' temperament at off-test, pre-and postweaning growth traits, because, as expected, before weaning, lambs weight and behaviour are influenced by maternal factors, mainly mother milk production and mother-lamb bond. After weaning, the new circumstances and environments (such as miss of dam, restriction of space in the fattening) should be a cause of stress for lambs. Metabolic rate, behaviour and growth of animals could be influenced by the HPA axis. In the present sample, those lambs which originated from calm ewes had lower temperament score and incremental cortisol change and higher postweaning weight gain. These data refer that there are a medium strong, significant, negative relationship between ewes' temperament (and cortisol concentration) and their lambs' postweaning growth traits and weight gain under life time. Similar results were reported by LAMBE et al. (2001) who estimated a moderate, positive genetic correlation (0.4) between maternal behaviour score (1-5 score, 1: poor mothers; 5: excellent mothers) and the average weight gained by lambs from birth to marking. This means that calm lambs (those with low score) may grow faster in a feedlot period than nervous (temperamental) lambs (those with high score). It is highly probable that the higher growth rate of calm lambs results from maybe an increased feed intake and better nutrient utilization, although the probability that the nervous animals using more energy in avoidance-type behaviour should not be ignored (BURROW and DILLON 1997) .
Summarising the results, this study suggested that the more temperamental (nervous) ewes produced less milk under milking period, and these ewes' lambs have lower preweaning weight gain and weaning weight compared with calm ewes. Finally, the calm ewes' lambs will have been calmer and higher fattening performance than those lambs which is originated from nervous mothers. These results indicate that temperament test application is positive benefits for sheep breeders, e.g. calm animals can reduce fattening period and produce more milk.
